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Study Aim
Numerous technical advances have characterized the proteomic field since it was first named in 1994. 1 Some of the techniques that have driven the field, such as mass spectrometry, have undergone considerable technical development over the years. For instance, time-of-flight (TOF) mass analyzers date back to the first half of the 20th century. 2 In the study described by Newell and colleagues 3 a newly developed hybrid instrument, which combines a flow-cytometer with a TOF analyzer (cyTOF), was employed to characterize CD8ϩ T lymphocytes in humans. Notably, contrary to traditional flow-cytometry, where multiplexing (monitoring multiple analytes at the same time) is limited by the partial overlap of excitation/emission spectra of the different fluorophores, in this case the reporters that can be measured are many and more selective (little to no cross-talk). Finally, although, to my knowledge, this cutting-edge technique has not been applied yet in the cardiovascular research field, perhaps 1 application can be anticipated, in the field of cardiac regeneration.
How Was the Aim Achieved?
Newell and colleagues went about describing the heterogeneity of CD8ϩ T lymphocytes by enriching them from the peripheral blood of platelet aphaeresis donors. Two different approaches were employed to characterize the CD8ϩ population. One used mass cytometry, also referred to as cyTOF, due to the mass analyzer employed. In proteomics, TOF analyzers are associated most commonly to matrix assisted laser desorption ionization sources, including the first proteomic study. 1 A TOF analyzer can be described roughly as a tube where charged atoms or molecules (ions) are accelerated from 1 end to the other by means of a magnetic field. This allows ions to "fly" and their mass, therefore, can be calculated, as it is proportional to the "time of the flight" (ie, heavier ions fly slower than lighter ones). Mass analyzers have been used historically to measure the molecular mass of atoms and small molecules, and in more recent years large biological molecules, such as proteins. In proteomics, the exact measurement of proteins' or peptides' mass is used to identify them. 4 In mass cytometry the ion source is replaced by a spray able to generate fine droplets, each containing 1 single cell, which then are directed to Argon plasma at about 5500 K. 5 The plasma vaporizes the cells and ionizes its atomic constituents, which then are accelerated into the TOF analyzer. This ultimately allows tracing of the signal of a specific mass and inferring about its quantity. In fact, in the set-up used in the study, cells are probed using antibodies (or peptide-major histocompatibility complex tetramers) labeled with heavy metal isotopes to generate 25 unique atomic mass tags, and therefore to track as many extracellular and intracellular antigens. Finally, the heavy metals used to label the antibodies have all distinct masses and their signature signal therefore can be monitored and quantified by the TOF analyzer. Moreover, in the study DNA content and live/dead cells were tracked by the authors using iridum (193/195)based interchelators or an indium (115)-based stain, respectively, while cell length was obtained by measuring the length of the burst in the plasma torch generated during cell vaporization.
Cell niches also were segregated in a functional way by monitoring the induction of 9 different parameters, such as cytokine expression, degranulation, and antigen specificity. These features were related to the antigens' make-up to build a dynamic picture of the cell subtypes in the CD8ϩ population.
An important aspect of this study is the use of principal component analysis that, differently from clustering algo-rithms, allows explaining the variations within the data set, highlighting differences. Finally, a 3D protein structure viewer was used here to visualize the data in a graphic fashion. This is an important implementation as one of the most common problems associated with the generation of large data sets, typical of the -omics, is data handling and interpretation.
Principal Findings
Using this set-up the authors were able to monitor 17 different surface markers (as well as other intracellular ones) that are expressed in various quantities in CD8ϩ cells. By combining these data with the results of the analysis on 9 different functions induced in the cells by treatment with phorbol 12-myristate 13-acetateϩionomycin, 200 different cell subpopulations were identified. Principal component analysis allowed the identification of the 3 principal components that are able to best explain (for the major part) this great variety. In fact, consideration of further principal components did not alter noticeably the observed patterns in variance. Albeit this is an unsupervised analysis, the authors then were able to segregate 4 populations of CD8ϩ cells (naïve, central memory, effector memory, and short lived effector) using these 3 principal components and the surface markers. These populations were segregated clearly when analyzing principal component analysis' data points by means of a protein structure viewer, which includes colorcoding as a fourth dimension. What is even more important is that the same analytic approach also allowed pinpointing niches of cells with different functional behavior (eg, impaired activation of signaling pathways).
The authors concluded that the nearly combinatorial complexity of the observed cell populations, based on phenotype (markers) and functional abilities, is the result of a "continuum" distribution of major cell populations linked by clusters of intermediate phenotypes. From the graphical standpoint these patterns, once fed to the protein viewer, were represented by "folded Y" distributions in a conserved manner across 6 different human individuals.
Implications
It seems hard to predict the impact of such a breakthrough approach in the cardiovascular field. However, one of the cardiovascular research themes that could benefit most from such a technique is probably stem cells research. Indeed, the field has been challenged by the limited number of surface markers and the partial knowledge of paracrine properties that could allow selecting better progenitors as well as characterizing different stages of commitment and dedifferentiation in a more thorough way. 6 Some steps in this direction were taken, among others, by proteomic scientists, which has helped in better defining the surfaceome (cell surface proteome) of different stem cells types. 7 Hopefully, the knowledge generated in these proteomic studies will be used in the future in combination with functional assays, such as the induction of paracrine effectors, and antigen screening by cyTOF technology, to better define the continuum of cell populations that are present within diverse stem cells cultures. In fact, cyTOF technology could help provide a deeper understanding of the minute steps that characterize cell differentiation in different types of stem cells. This could possibly help in evaluating panels of surface markers that would render a more comprehensive description of a defined cell niche.
